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Introduction
Following the acquisition of the Matjiesrivier farm for nature
conservation purposes in the mid-1990s, the agreements
with neighbouring farmers to utilise the valley bottoms for
the cultivation of lucerne (Medicago sativa) and other crops
were phased out. Currently, the desired land use for the
transformed old fields is to return them to as natural a
condition as possible and within the shortest time-frame
possible. Other abandoned fields on this property,
estimated to be over 30 years old, show that unfacilitated
rehabilitation in this region is slow, with few species having
returned through natural recolonisation. In addition,
undesirable aggressive alien weeds such as Amsinckia
retrorsa have started to invade these abandoned fields.
This restoration study was designed to explore the 
feasibility of restoring old fields in the Matjiesrivier 
Provincial Nature Reserve and had two main objectives: to
investigate methods for lucerne control, as this is a
persistent perennial present across the fields, and to
investigate the effects of the lucerne control treatments on
the re-introduction and establishment of indigenous species
by seed, with and without the presence of brush packs.
Materials and Methods
Study site
Matjiesrivier Provincial Nature Reserve is located to the
south-east of the Cederberg Wilderness Area and straddles
the boundary between the Fynbos and Succulent Karoo
Biomes. This interface is very dramatic at the valley bottom
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A restoration study was designed to investigate lucerne
control and indigenous species re-introduction on
previously cultivated land at Matjiesrivier Provincial
Nature Reserve, situated at the interface between the
Fynbos and Succulent Karoo biomes. The objectives
were to compare four lucerne control treatments, and the
simultaneous effects of these treatments on the re-
introduction of indigenous species by seed, in the
presence or absence of brush packs, using a split-plot
design. Lucerne was controlled using herbicide,
ploughing or a combination of these treatments, and
seed collected from target vegetation in the area was
applied to half the plots, together with reed mulch. Brush
packs, comprising dead shrubs, were added to half the
sown and unsown plots respectively. Ploughing signi-
ficantly reduced lucerne density and projected foliage
cover and in combination with herbicide eliminated most
lucerne plants. Establishment of indigenous species
from sown seed was highest in ploughed plots and
comprised both annuals and perennials. There was
virtually no establishment in the presence of the alien
annual Amsinckia retrorsa. Indigenous perennial plant
density, cover and richness were highest throughout the
study in the ‘plough plus seed’ treatments, with
Athanasia linifolia being the dominant species. Average
initial densities of 80 m–2 decreased sharply during the
first summer, and at three years averaged 5 m–2. Indi-
genous canopy cover continued to increase throughout
the three years in two of the experimental blocks, and
attained that of the target vegetation in ‘plough plus
seed’ treatments. Community composition approached
that of the target vegetation, although graminoids were
under-represented, partly as a result of intensive grazing
during the third year, and large, non-Asteraceous shrubs
were under-represented. In future restorations at the
Fynbos-Karoo interface, it is recommended that the
sowing density, particularly of unpalatable pioneer
shrubs, be reduced to improve composition and to lower
seed harvesting costs. Ploughing is an essential pre-
sowing treatment where alien species, especially
annuals, dominate the old field. A larger number of
species may be established following the creation of
different microsites across the field, for example by
pitting and brush-packing the surface. Nodes of larger,
animal-dispersed species could be established from
propagated material to facilitate colonisation of these
species across large disturbed areas. It is recommended
that sown areas be protected from ungulate grazing until
the palatable species have reached maturity.
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study site (32°29.10’–32°29.80’S, 19°20.15’–19°20.40’E),
where Fynbos and Succulent Karoo vegetation grows on
sandstone-derived soils on the east-facing slopes, and
Renosterveld and Succulent Karoo vegetation grows on
shale-derived soils on the opposite west-facing slopes. The
boundary between Fynbos and Succulent Karoo at
Matjiesrivier is determined by geology and altitude, with
Fynbos occurring on sandstone soils above 800m
(Lechmere-Oertel and Cowling 1999). The old fields are
situated along the valley bottom on alluvial soils. The only
nearby remnant vegetation that occurs on alluvial soils lies
north and contiguous to the old-field study site. This remnant
has been impacted by heavy grazing from cattle, donkeys
and indigenous antelopes, but is the closest reference
ecosystem available and was therefore chosen as the target
plant community. Fynbos, Karoo and Renosterveld elements
are all present in this target community.
The area experiences a Mediterranean-type climate,
with most rain falling during the winter months. Long-term
mean annual rainfall is 220mm (Figure 1), whereas during
the field trial it was 256mm (2001), 268mm (2002) and
170mm (2003).
Experimental design
A split-plot design was used, with the four lucerne control
treatments applied in parallel strips each measuring 6m x
72m. Within strips, three replications each of the four
facilitation treatments were applied at random (i.e. 12 plots
per strip, Figure 2). This resulted in block dimensions of 24m
x 72m containing 48 plots with dimensions of 5m x 5m, plus
a 1m buffer among all treatments and plots. This design was
replicated in three experimental blocks, in southern, central
and northern sections of the old field.
Soils were sampled prior to the application of lucerne
control and facilitation treatments and the samples sent to the
Soil Science Division, Department of Agriculture, Elsenburg,
for analysis. Phosphorus, calcium, potassium, sodium and
magnesium were extracted in citric acid and their concen-
trations were assessed. For each of the three samples per
block, soil was excavated to 50mm depth from five microsites
and mixed in a bag. The same sampling procedure was
followed at the uncultivated target site to the north of the
study area, in order to determine whether the old-field soils
were similar to those of the target site or whether agricultural
activity had significantly altered soil composition.
The four lucerne control treatments were ‘plough only’,
‘herbicide only’, ‘herbicide and plough’ and ‘control’ (no
treatment). In the herbicide treatments, foliar application of
2% glyphosate was applied in November 2000, using knap-
sack sprayers. Ploughing was done to a depth of 200mm in
March 2001, after 3.1mm of rainfall, to minimise wind
erosion of topsoil, using a tyne-plough.
The four facilitation treatments comprised ‘seed only’,
‘brush pack only’, ‘seed and brush pack combined’ and
‘control’ (no treatment).
Seed collecting and sowing
Seed collecting began in September 2000 and continued
throughout the summer and early autumn of 2001, in
preparation for autumn sowing. The seed source area was the
target vegetation adjacent to the study area. Annual daisies
were collected from a wider area around Matjiesrivier.
All indigenous species, except kraalbos (Galenia
africana), which is an unpalatable shrub indicative of over-
grazing and disturbance, were harvested and every effort
was made to minimise the inadvertent collection of alien
seed. Seed was collected only when ripe (i.e. ready to
disperse or drop from plants) and regular collecting was
done to capture a variety of the species growing in the area.
Seed was collected by hand and suction-harvester,
directly from the plant canopies. We used a leaf-blower
(model Stihl 225 HBV), modified as a suction-harvester, to
vacuum lighter seed directly from the canopies. The
shredding device was removed from the harvester, to
prevent damage to seed. In addition, the suction-harvester
was used to vacuum seed from the ground and litter layer
around plants. Seed was stored in porous bags in a dry
room, after receiving a sprinkling of Karbadust insecticide
powder to kill potential seed predators. Seed was stored in
Figure 1: Monthly rainfall at Matjiesrivier Nature Reserve including
the first year of the field trial and long-term means (1911–1989)
Figure 2: Example of the experimental design used for one of the
blocks in the field trial
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10 groupings according to easily-recognisable functional
types or community dominant species (Table 1). This practice
was followed to facilitate the even distribution of different
types of plants in the seed mixes at sowing time. Seed
vacuumed from the ground contained a variety of species,
soil and litter, and was stored as a separate grouping.
A beekeeper’s smoker was used to pre-treat the seed and
suction-harvested litter prior to sowing, as smoke has been
found to stimulate germination in a wide variety of species
(Brown 1993, Pierce et al. 1995). Dry Fynbos grasses and
shrubs were burned inside the smoker and the smoke directed
into the bags containing seed. The different seed batches were
then sorted to provide 72 seed mix replicates. The suction-
harvested litter was similarly divided. Seed application rate
was estimated to be 30g of uncleaned seed/m2 (equivalent to
300kg uncleaned seed/ha). The bulk of the seed mix
comprised fruiting structures and stalks, not seed. By volume,
this represented 1 000cm3 uncleaned seed/m2.
Sowing was completed over two days (25–26 April 2001),
following 40mm rainfall during April (Figure 1). A seedbed
was prepared by raking the soil surface to loosen the soil. In
ploughed treatments, rakes were used to break up large
clods of soil formed by ploughing. With hindsight, the area
should have been harrowed after ploughing, in order to
produce a finer seedbed and reduce the manual labour
required. The seed was broadcast sown and immediately
raked lightly into the soil to ensure good seed-soil contact.
Afterwards a thin, open layer of reed mulch was strewn over
the surface to minimise seeds blowing off the plots in the
event of strong winds. In the brush pack treatment, seven or
eight dead shrubs were placed on the plot to mimic some of
the shading and shelter effects provided to seedlings by
established plants in arid vegetation types (Milton 1995,
Castro et al. 2002).
Monitoring
The effects of the lucerne control treatments were monitored in
February 2001, October 2001 and April 2002. The live
projected foliage cover and numbers of live and dead plants of
lucerne were recorded along three permanent transect lines
(10m in length) positioned towards the edge of each lucerne
treatment strip. The total number of transects in each
lucerne treatment was nine, yielding a total of 36 transects.
Projected foliage cover was measured as the length of
measuring tape intercepting live foliage, then converted to a
percentage value. Every plant touching the tape was scored
as dead or alive.
Seedling establishment and vegetation development was
monitored five times, at six-monthly intervals from October
2001 to April 2003, then again in April 2004. Within each
plot, two permanent 1m2 quadrats were positioned along the
diagonal. In each quadrat, species richness, plant density
and indigenous, alien and total projected canopy cover were
recorded. In addition, at the final census, the entire 25m2 plot
was surveyed. Projected canopy-cover values were recor-
ded for each species and for the total indigenous and alien
vegetation cover. For comparative purposes, nine 25m2
plots in the unploughed target vegetation, and a further nine
plots in a long-abandoned old field, adjacent to the target
vegetation, were surveyed.
Data analysis
Differences in soil characteristics among blocks and target
areas were analysed using one-way analysis of variance
followed by Tukey-Kramer Multiple Comparison tests.
Differences in lucerne plant densities and projected foliage
cover were analysed by Kruskal-Wallis non-parametric
analysis of variance followed by Dunn’s Multiple Comparison
test. In the case of single comparisons the Mann-Whitney U-
test was used (Siegel 1956).
The effects of block and lucerne control and sowing
treatments on indigenous plant density and cover were
analysed by generalised linear models (GLM; Crawley 1993),
using GenStat® Release 5. GLM sequentially tests the combi-
nation of factors, excluding those having least or no effect on
the model. This was done by fitting maximal models with
Poisson distributions and log functions to the data. Where
over-dispersion occurred in the data, the dispersion para-
meter was changed to reflect the ratio between the residual
deviance and degrees of freedom, and the model refitted.
Model terms were removed by backward selection to test
their effects, as indicated by changes to the deviance ratio (F
distribution). The deviance ratio was calculated as the
change in deviance divided by the error variance. Terms that
caused no significant change in deviance ratio were
excluded from the final models. Data from the two quadrats
in each plot were averaged prior to analysis.
Species composition of vegetation in the treatment plots at
three years’ post-sowing was compared to that in plots
sampled in the target vegetation and a long-abandoned old-
field site adjacent to the target vegetation, using detrended
correspondence analysis (DCA; Gauch 1982). Species were
classified into growth forms and the vegetation structure of
the most species-rich treatment compared to that of the
target vegetation plots, using contingency table analysis.
Similarly, unploughed treatments were compared to the
long-abandoned old-field site. Nomenclature follows
Goldblatt and Manning (2000).
Group name Examples
Annuals Primarily Asteraceae
Grasses Grasses and small sedges
Reeds Large-seeded Restionaceae 
Succulents Aizoaceae and other succulents
Legumes Lessertia and Wiborgia species
Kapokbos Eriocephalus species
Renosterbos Elytropappus rhinocerotis
Other Asteraceae shrubs Leysera, Athanasia and Euryops
species
Thicket shrubs Chrysanthemoides, Diospyros and 
Rhus species
Other shrubs Zygophyllum, Salvia, Stoebe and 
Phylica species
Suctioned seed and litter Variety of small-seeded species
Table 1: Species groupings collected for the seed mix
Restoration costs
A record was kept of both the expenditure and time spent on
the various activities required for setting up the restoration
trial. In order to estimate the costs of the trial, labour was
costed at R80 per day.
Results
Soil properties
Soils at the field trial site can be classified as sandy loams,
whereas those of the target vegetation site are sands
(textural classes assigned by Elsenburg). Field trial soils are
intermediate in texture between the shale and sandstone
soils of the mountain slopes (Table 2). Several soil chemical
properties differ significantly between the field trial and
target sites, with the former being higher in % carbon (Block
1 only), phosphorus, calcium (Block 2 only) and magnesium,
and lower in resistance (Table 2).
Lucerne control
The pre-treatment census indicated a gradient of decreasing
lucerne plant density from the south end of the field (Block 1)
to the north end (Block 3, Table 3). This could reflect a fertility
gradient (% carbon decreases from south to north, Table 2)
or, alternatively, a possible moisture gradient. As there was
no effect of pre-treatment lucerne density on projected
foliage cover or plant densities at the later censuses, data
from the three blocks were combined for analysis (Table 4).
Ploughing significantly reduced lucerne density and
foliage projective cover, and in combination with herbicide
virtually eliminated all lucerne plants (Table 4). Lucerne
cover increased slightly during the winter of 2001, in all
treatments except ‘herbicide plus plough’, before declining
again over the summer of 2002.
Species re-introduction
Indigenous plant density
Variation in the density of indigenous annuals during the first
spring was high and only lucerne control treatment had a
significant overall effect (Table 5a). Indigenous annuals were
present at a high density and cover (not shown) in all plots that
had not been ploughed (Figure 3), owing to a profusion of the
tiny old-field species Cotula microglossa and Adenogramma
glomerata. Indigenous cover in unsown plots was almost
entirely composed of these annuals. The ploughing treatment
resulted in much lower annual density (Figure 3). In the sown
plots, several additional annual species were prominent:
Dimorphotheca sinuata was the most successful introduced
species in terms of cover and density, but Oncosiphon grandi-
florum, O. intermedium, Senecio arenarius, Dimorphotheca
pluvialis and Ursinia anthemoides were also frequent. 
All three factors (block, lucerne control and facilitation
treatments) had a significant effect on perennial density at
six months after sowing (Table 5a). In addition, the effect of
lucerne control treatment on perennial density depended on
block. Few indigenous perennial species emerged from the
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Table 3: Pre-treatment lucerne plant densities for the three different blocks (no. plants per 10m line transect). Data are means ± SD (n = 12)
Block 1 Block 2 Block 3 F11,2 P
Initial density 17.7 ± 6.23a 14.2 ± 3.93ab 12.8 ± 3.22b 3.44 0.044
The Kruskal-Wallis non-parametric ANOVA result is presented; in the same row, different letter superscripts are significantly different (Dunn's
Multiple Comparison test, P < 0.05)
Date of Herbicide Herbicide Plough Control Statistic P
census & plough
(a) Lucerne density
Feb 2001 2.66 ± 4.33 – – 9.44 ± 8.10 U = 58.0 0.0011
Oct 2001 3.33 ± 4.50ab 0 ± 0a 1.89 ± 2.57a 10.4 ± 8.43b KW8,3 = 20.6 <0.0001
Apr 2002 2.44 ± 3.97ab 0 ± 0a 0.22 ± 0.44a 8.11 ± 7.74b KW8,3 = 21.8 <0.0001
(b) Lucerne % projected foliage cover 
Feb 2001 0.68 ± 1.32 – – 6.62 ± 9.12 U = 35.0 <0.0001
Oct 2001 2.76 ± 3.18ab 0 ± 0a 2.28 ± 3.21a 13.9 ± 10.5b KW8,3 = 20.9 <0.0001
Apr 2002 1.72 ± 3.04ab 0 ± 0a 0.08 ± 0.16a 11.5 ± 18.0b KW8,3 = 21.3 <0.0001
Data are means ± SD, n = 18 for February and n = 9 for later comparisons. Non-parametric tests were used: U = Mann-Whitney U-test, KW =
Kruskal-Wallis ANOVA test; in the same row, different letter superscripts are significantly different (Dunn's Multiple Comparison test, P < 0.05)
Table 4: Effects of the different control treatments on lucerne (a) density (live plants per 10m line transect) and (b) projected foliage cover (%)
over time. Blocks are not shown separately as treatment differences were more important
Effect Df Deviance change Deviance ratio Significance
(a) Density
Annual density at six months
Block 2 26.0 0.59 NS
Lucerne control 3 4 292 32.4 P < 0.001
Facilitation 3 1 790 1.35 NS
Perennial density at six months
Block 2 14.9 6.89 P < 0.005
Lucerne control 3 1 348 41.6 P < 0.001
Facilitation 3 2 561 79.0 P < 0.001
B x L 6 581 8.97 P < 0.001
Perennial density at 12 months
Block 2 8.0 0.69 NS
Lucerne control 3 550 31.6 P < 0.001
Facilitation 3 437 25.1 P < 0.001
B x L 6 1 905.47 P < 0.001
Perennial density at 36 months
Block 2 28.9 14.4 P < 0.001
Lucerne control 3 11 638.8 P < 0.001
Facilitation 3 50.1 16.7 P < 0.001
B x L 6 39.7 6.61 P < 0.001
(b) Species richness
Species richness at six months
Block 2 2.09 1.04 NS
Lucerne control 3 5.57 1.86 NS
Facilitation 3 106 35.2 P < 0.001
Species richness at 12 months
Block 2 0.65 0.32 NS
Lucerne control 3 99.7 33.2 P < 0.001
Facilitation 3 22.1 7.37 P < 0.001
B x L 6 23.2 3.87 P < 0.005
Species richness at 36 months
Block 2 8.2 4.08 P < 0.005
Lucerne control 3 44.2 14.7 P < 0.001
Facilitation 3 9.52 3.17                          0.05 < P < 0.1
B x L 6 29.3 4.88 P < 0.001
NS = not significant
Table 5: Effects of lucerne control and seed treatments on indigenous (a) plant density and (b) species richness at different stages during the
three-year trial (generalised linear models). The main terms and all significant interactions are shown
soil seed bank, and most seedlings were derived from the
seed mix (Figure 4a). Perennial species recorded in unsown
plots most likely blew there from neighbouring sown plots.
The unsown plots containing brush packs trapped more of
these wind-blown seeds than plots without brush packs. In
addition, it was found that one species of brush pack (Bassia
salsoloides) contributed its seedlings from seed imported on
its canopies. The density of perennials in sown plots was
very high at six months, averaging 50–80 seedlings m–2 in
ploughed treatments (Figure 4a). Densities were lower in the
unploughed treatments, and in Block 3, very few perennials
established in unploughed plots, owing to the dominance of
the alien annual Amsinckia retrorsa.
Asteraceous shrubs dominated the perennial recruitment.
Athanasia linifolia was the most abundant species at six
months, Eriocephalus species were common and Euryops
wagneri and Leysera gnaphalodes were frequent. The
legume Lessertia frutescens was frequent, as was Zygophy-
llum fulvum. A few indigenous grasses were noted, although
they were difficult to distinguish from the alien annual
grasses in their immature state.
Perennial plant density declined greatly over the first
summer, to an average of 10–20 plants m–2 in ‘ploughed plus
seed’ plots (Figure 4b). Lucerne control and facilitation
treatments had a significant effect on density at 12 months,
with the effect of lucerne control treatment depending on
block (Table 5a). Except for the herbicide treatment in Block
2, very few indigenous perennials persisted in the un-
ploughed treatments (Figure 4b).
After three years, perennial plant density had declined further,
to an average of 2–5 plants m–2 (Figure 4c). The three main
factors, and the block x lucerne control interaction, all significantly
influenced perennial density at three years (Table 5a).
Indigenous species richness
During the first spring (six months), facilitation treatment was
the only factor to have an overall significant effect on
indigenous species richness at the quadrat (1m2) scale
(Table 5b). The soil seed bank contributed an average of two
annual species and the seed mix generally added a further
four to five species per quadrat (Figure 5a). Of these, only
two to three species were perennials.
After one year, both facilitation and lucerne control treatments
had a significant effect on perennial species richness per
quadrat, with the effect of lucerne treatment depending on
block (Table 5b). Perennial species richness averaged two to
three species per quadrat in ploughed plots that were sown
(Figure 5b). A total of 12 indigenous perennial species were
recorded at the one-year census across the field trial site.
By three years, the effect of facilitation treatment on
species richness was not quite significant, whereas the
effect of lucerne control and the block x lucerne interaction
remained highly significant (Table 5b). Species occurred in
treatments from which they were absent at the one-year
census, indicating that dispersal of perennials had occurred
in the interim period (Figure 5c).
Development of indigenous vegetation cover over three years
Most indigenous plant cover at six and 18 months comprised
annual species (Figure 6). Cover declined significantly with
ephemeral die-back each year. Indigenous plant cover
during the first spring was extremely low in the ploughed
treatments that did not receive a facilitation mix. After three
years, the highest perennial indigenous plant cover
occurred in ‘plough plus seed’ plots, followed by ‘plough
only’ plots (Figure 6). Although the patterns were similar
across blocks, there was a gradient of decreasing cover for
‘plough plus seed’ plots from the southern (Block 1) to the
northern (Block 3) end of the field. Perennial plant cover
averaged up to 60% in the former and 25% in the latter after
three years. In Block 2 no indigenous plant cover remained in
Figure 3: Effect of treatments on indigenous annual density at six
months post-sowing. Data are presented separately for each block
and are means plus one standard error bar (n = 3). Treatment
abbreviations are: h = herbicide, h+p = herbicide and ploughing, p
= ploughing, con = control, s = sown, s+n = sown and brush packs,
n = brush packs
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unploughed plots that were unseeded, and in Block 3 there
remained no indigenous cover in any of the unploughed plots
after three years (Figure 6). Between two and three years’
post-sowing, indigenous plant cover had increased in Blocks
1 and 2, whereas in Block 3 there was no increase.
Development of alien vegetation cover over three years 
Aliens, predominantly winter-growing annuals, formed a high
projected canopy cover (50–75%) during the first spring (six
months) in all unploughed treatments (Figure 7). By contrast,
in ploughed treatments alien cover was below 20% at six
months. The herbicide treatment (not shown) was applied in
early summer and thus had no effect on the annual compo-
nent of the alien cover. Perennial alien cover, mainly compri-
sing species of Atriplex and lucerne, was also highest in the
unploughed treatments. The ploughed treatments that were
sown had the lowest alien cover values. Perennial alien cover
did not increase over time, as measured by the autumn cover
values (Figure 7), and there was no increase in alien
perennial cover between the second and third years.
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Figure 4: Effect of treatments on indigenous perennial density at (a) six, (b) 12 and (c) 36 months post-sowing. Data presentation and
treatment abbreviations as for Figure 3
Comparisons with target vegetation
An ordination of plot data indicated that the target vegetation
generally is much more variable in composition than three-
year-old vegetation at the experimental site, except for a few
outlying unploughed treatment plots (Figure 8). The outlier
plot from the target vegetation comprised 60% cover of the
rhizomatous grass Cynodon dactylon, and only three other
species. By contrast, the long-abandoned old field was
homogeneous in composition, comprising predominantly the
unpalatable shrub Galenia africana and bare ground. Only
two treatment plots (one control and one ‘herbicide plus
sown’ plot) aligned with the long-abandoned old field. The
majority of plots were clustered to the left of the main target
vegetation group, between the main group of target plots
and a target plot outlier. Plots that received a ploughing
treatment were particularly tightly clustered. Because seeds
had dispersed into unsown plots during the three-year trial,
differences between sown and unsown treatments were not
apparent (Figure 8). Similarly, brush pack effects (not
shown) were not evident.
Figure 5: Effect of treatments on indigenous species richness at (a) six, (b) 12 and (c) 36 months post-sowing. Data presentation and
treatment abbreviations as for Figure 3
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At the vegetation plot scale (25m2) perennial species
richness was significantly higher for target vegetation,
compared with the most species-rich treatment in the
restoration trial (‘plough plus seed’; means + SD, n = 9: 7.22
+ 2.17 and 4.67 + 1.80 respectively; U = 14.0, P = 0.02).
Richness at the long-abandoned old field was 1.56 + 0.88.
This was significantly lower than at the ‘plough plus seed’
plots (U = 3.0, P = 0.0003), but not significantly different
from the ‘herbicide plus seed’ (2.67 + 2.06) and the
unploughed, sown plots (1.78 + 2.11). Perennial indigenous
vegetation cover at the target site did not differ significantly
from the ‘plough plus seed’ plots (means + SD, n = 9: 45.8
+ 23.5% and 35.2 + 17.6%, respectively). Perennial vege-
tation cover at the long-abandoned field was 27.3 + 11.4%,
significantly higher than the unploughed, sown plots (5.38 +
16.2%; U = 9.0, P = 0.004).
There was a highly significant difference between the
growth form structure in the most species-rich treatment
(‘plough plus seed’) compared with the target vegetation
(Figure 9a). Shrubs with ericoid or narrow leaves were over-
represented and graminoids under-represented, in the
‘plough plus seed’ treatment, compared with the target. The
long-abandoned old-field vegetation differed in structure
slightly from two seed treatments in the restoration trial
(Figure 9b). Seed treatments introduced graminoids, forbs
and other shrub categories not present at the long-
abandoned old field, albeit at very low cover.
Costs of the various restoration treatments
The largest cost component of the restoration was labour for
seed collecting (70%), and for sowing and mulch application
(25%). Costs for sowing treatments, combined with either
ploughing or herbiciding treatments, were approximately
R20 000 ha–1 (Table 6). Labour costs for ploughing, herbi-
ciding and sowing were higher for the trial than would have
been the case for a once-off restoration, owing to the
complications of the plot configurations.
Discussion
Reporting the results of a restoration trial after only three
years is by necessity a short-term interpretation of
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Figure 6: Indigenous plant canopy cover for different treatments
over the three-year monitoring period. Data for plots within
ploughed and unploughed treatments, and within sown and unsown
treatments, have been combined and are presented as means with
one standard error bar (n = 12)
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Figure 7: Alien plant canopy cover for different treatments over the
three-year monitoring period. Data combined as in Figure 6
vegetation recovery, as many of the component species in
Fynbos and Succulent Karoo take over three years to reach
maturity, and have a longevity much greater than this (Van
Wilgen and Forsyth 1992, Milton et al. 1997). Results of
restoration trials also are particularly sensitive to the weather
conditions in the growing season immediately after species
re-introduction. In the case of this study, rainfall was above
average during the first winter growing season and
continued to be above average during the second year. This
weather pattern produced good conditions for germination
and seedling establishment during the first winter, but the
situation could have been very different had sowing been
done two years later, during a low rainfall year.
Implications of results for lucerne control
Lucerne was effectively controlled, either by ploughing or
both herbicide and ploughing. However, by the end of the
third, very dry summer, lucerne cover in the control treat-
ment plots was also negligible, averaging only 0.3% canopy
cover (pers. obs.). In general, all plants, alien and indige-
nous alike, appeared water-stressed, and palatable species
such as lucerne and grasses had been particularly heavily
impacted by grazers.
In relation to the re-establishment of indigenous pere-
nnial species, ploughing was superior to herbicide alone,
as this treatment also eliminated other alien perennial
species and was particularly effective in suppressing the
establishment and growth of alien annual species from
soil-stored seed banks. Suppression of the alien species
provided space for the sown indigenous species to estab-
lish, relatively free from competition.
In conclusion, lucerne control treatments may not be
necessary for reducing lucerne cover over the longer term in
Figure 8: Detrended correspondence analysis plot of species
composition data from different treatment plots in the restoration
trial at three years post-sowing and plots for the adjacent target
vegetation and long-abandoned cultivated field. Treatment symbols
are:  = control, ‘ = herbicide, G = herbicide & sown, F = sown,
 = plough,  = herbicide & plough,  = herbicide & plough and
sown, M = plough & sown, * = target, x = long-abandoned field.
Brush pack treatments were given the same symbols as their
equivalent non-brush pack treatments
Figure 9: A comparison of growth form structure between the (a)
target vegetation and the ‘plough plus sown’ treatment in the
restoration trial, and (b) long-abandoned cultivated field and ‘the
herbicide plus sown’ and ‘sown only’ treatments of the restoration
trial. Growth form categories are mutually exclusive and
abbreviations are: S. = shrub, er = ericoid or narrow linear leaves,
de = summer-deciduous, su = succulent-leaved, na = leaf size
larger than leptophyll, F = perennial forb, G. = graminoid, tu =
tussock-forming, rh = rhizatomous. * P < 0.05, *** P < 0.001
Item Persondays ha–1 Rands ha–1*
Ploughing 3.8 304
Herbicide – 150
Herbicide application 3.8 304
Seed collection 175 14 000
Mulch & brush pack collection 15 1 200
Sow seed 33 2 640
Apply mulch & brush packs 31 2 480
TOTAL 261.6 R20 178
* R7 = US$1 in 2004; labour costed at R80 per day
Table 6: Costs of different components of the restoration treatments
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this arid area of the Fynbos Biome, as periodic drought and
heavy grazing from indigenous and domestic mammals are
sufficient to reduce its cover and prevent its spread. However,
in order to facilitate the rapid re-establishment of indigenous
perennial species, a ploughing treatment will be needed to
suppress the competitive effects of lucerne and alien annual
species during the first winter establishment period.
Implications of results for restoring vegetation at the
Fynbos-Karoo interface
Very few indigenous perennial species emerged in unsown
treatments, indicating that indigenous soil-stored seed
banks had been depleted. This is in contrast to fynbos
vegetation that has been long-invaded (>30 years or >2 fire
cycles) by dense stands of invasive alien trees or shrubs in
which sufficient seeds remain in the soil seed bank to
potentially restore indigenous shrubland cover (Holmes and
Cowling 1997, Holmes 2001).
The ploughing treatments, in combination with sowing,
promoted the best establishment of indigenous annuals and
perennials, the highest indigenous species richness and the
most rapid development of perennial canopy cover.
However, ploughing treatments without sowing resulted in
almost no initial recruitment and a slow development of
cover only once seeds from neighbouring plots dispersed
into the bare areas. Thus, ploughing should not be done
without the simultaneous addition of seed and mulch, as
soils will be exposed to wind erosion and may be slow to re-
vegetate. Beukes and Cowling (2003) found that the
addition of reed mulch in degraded Succulent Karoo
rangeland promoted rainwater infiltration and seedling
establishment. Thus, where insufficient indigenous seed
has been collected, or where target vegetation and seed
sources are nearby, mulch could be strewn onto cultivated
soil to protect it from wind erosion and to help in trapping
seeds.
Nurse plants, in the form of established shrubs and grass
tussocks, have been shown to be important in facilitating
recruitment in arid areas such as the Succulent Karoo
(Milton 1995, Castro et al. 2002). This results in vegetation
that is distinctly clumped in appearance, as the benefits of
close association among species, such as shelter from wind
and sun and the trapping of resources, outweigh the disad-
vantages of competition for resources (Milton et al. 1997,
Eccles et al. 1999). The surrogates we used for nurse plants
in this trial were dead shrubs, mostly of Bassia salsoloides.
These may be considered akin to brush packs that are used
to trap seeds and facilitate autogenic recovery (Milton 2001),
but they also provide some shelter for seedlings from
intense wind, heat and sun. In the unsown treatments,
brush packs were often associated with higher indi-
genous plant densities and richness compared to equi-
valent treatments without brush packs. Sometimes, the
contribution of Bassia seeds directly from brush pack
canopies explained this increase. The monitoring period
spanned two above-average rainfall years following
sowing and this may have resulted in the brush packs
being less important than usual. Had we experienced a
drought year after sowing, the importance of brush packs
in providing shelter to seedlings may have been more
important. Another function of the brush packs is to
facilitate re-colonisation of the old field by animals: it was
noted that francolins used them in the field trial as nesting
sites. Animals in turn may facilitate vegetation recovery
through the import of seeds and the creation of microsites
for germination.
During the third year of the trial, which experienced below-
average rainfall, the impacts of grazing by domestic and
indigenous ungulates and other animals intensified and very
little palatable fodder remained at the end of summer (pers.
obs.). Indigenous grasses (Ehrharta and Pentaschistis
species) that had established in sown plots were particularly
heavily utilised. The dominant shrubs in the trial, Athanasia
linifolia and Bassia salsoloides, appear to be unpalatable,
but Athanasia was negatively affected by the dry conditions,
particularly in Block 3. Most of the other indigenous
perennial species survived only under the shelter of the
dominant species, particularly Athanasia, suggesting the
value of these shrubs as nurse plants under high grazing
intensity. This is consistent with results from a study in the
Succulent Karoo in which an unpalatable shrub protected a
palatable one in conditions of heavy browsing (Carrick
2003). The only grasses remaining at the end of three
years’ monitoring were well hidden amongst Athanasia
shrubs (pers. obs.) and either could not be detected or uti-
lised there by grazers.
The trial site vegetation composition, particularly of
‘ploughed plus sown’ plots, came close to the compositional
range of target plots, although species richness was lower at
the trial site. Recruitment in this treatment therefore falls
along a trajectory towards vegetation recovery. Compared to
a long-abandoned cultivated field, the ‘ploughed plus sown’
plots had higher species richness. Thus, despite the close
proximity of the long-abandoned field to target vegetation,
recovery was limited, possibly by a lack of suitable micro-
sites for germination and seedling establishment.
The growth form analysis indicated that graminoids were
under-represented in the trial and fine-leaved Asteraceous
shrubs (particularly Athanasia) were over-represented,
compared with the target vegetation. Athanasia appears to
be a very successful pioneer species, as it has small seeds
capable of colonising exposed soil surfaces (Milton et al.
1997), and is also common in the target vegetation.
However, despite its potential nurse plant role, it is unpala-
table and may dominate the regeneration niche to the
exclusion of other more palatable shrubs, such as Erioce-
phalus species. A lower sowing rate of Athanasia may be
appropriate, or alternatively, the creation of soil-surface
heterogeneity to facilitate the establishment of a larger range
of species. None of the large, non-Asteraceous shrub
species established from seed, and it may be appropriate to
create nodes of such desirable species using propagated
material. Graminoids were more frequent at the two-year
census than at three years, as many succumbed to intensive
grazing pressure during the third year (pers. obs.). It may be
appropriate to protect restoration sites from larger grazers
for a few years until palatable species have reached maturity
and are able to withstand grazing, either through re-
sprouting or regeneration from seed.
Recommendations for future restorations of old fields at
the Fynbos-Karoo interface
The following factors should be assessed prior to planning a
restoration in old-field sites: proximity to target vegetation
and indigenous seed sources, landscape and ecological
factors that may influence recovery potential (e.g. topo-
graphical and soil changes, grazing pressures, floods and
fires) and extent of alien invasion, especially winter annual
species.
In the case of the study presented here, target vegetation
and indigenous seed sources are within 1.0km of all areas
of the field, yet natural colonisation by the majority of indi-
genous species is very slow, as ascertained from the long-
abandoned field adjacent to the target vegetation that has
been colonised by only one species, Galenia africana.
The study site field had been levelled and the seasonal
stream channelised, using earth berms. Thus the alluvial
valley landscape has been changed from one with variable
micro-topography, that would have provided regeneration
niches for a variety of plant species, to one with a smooth,
level surface and few microsites. For a longer-term view of
restoration, the earth berms should be breached in a few
places, so that in the event of a 1:20-year flood, the energy
of the stream may be harnessed to recreate some of the
original microtopography across the field. Such an
approach is consistent with the general principles of ecolo-
gical rehabilitation in the arid and winter rainfall regions
(Milton 2001).
Cultivation may have changed the soil texture from sand to
sandy loam via the excavation of a deeper clay-rich layer or
the importation of clay soil. In addition, lucerne production and
soil fertilisation may have increased the soil nutrient levels.
Soil nutrient enrichment may be best countered in the short-
term through the introduction of carbon-rich mulch (Zink and
Allen 1998, Cione et al. 2002) such as reeds or wood chips.
Grazing was not excluded in this trial, yet severe grazing
damage only became apparent during the third summer, the
year of below-average rainfall. Animals observed grazing on
the experimental plots included donkeys, cattle, grey
rhebok, baboons and Cape hares. In order to promote
establishment of re-introduced species it is recommended
that large ungulates be excluded for long enough to allow
plants to mature and produce seeds for dispersal into
neighbouring areas of the field. This is particularly important
for the palatable species, as they may otherwise be elimi-
nated completely during a dry year. However, lucerne would
have to be controlled inside any grazing exclosures.
Establishment of indigenous species from seed did not
readily occur where the established old-field species,
particularly alien annuals, were not reduced by one of the
lucerne control treatments. Prior to any restoration attempt,
the old field should be assessed during winter to determine
the extent of alien invasion. Where alien annuals are fre-
quent, a ploughing treatment will be required prior to sowing.
Where the aggressive alien annual species Amsinckia
retrorsa occurs, it should be controlled, whether species re-
introduction is planned or not. The plants either should be
sprayed with herbicide, or mown and the material removed,
prior to seed set.
Where alien species are not widespread and target
vegetation persists nearby, natural re-colonisation may be
facilitated by roughening the soil surface to trap wind-blown
indigenous seeds (Milton 2001). This may be done through
pitting (Van der Merwe and Kellner 1999) or the placement
of dead branches or shrubs on the soil surface (Whisenant
1999). Van Rooyen (1998) found that in the Kalahari dunes,
the configuration of the brush packs affected their efficiency
at seed trapping and that star-shaped designs were optimal.
An advantage of brush packs over soil pits is in the provision
of shelter for germinating seedlings.
The sowing treatment in this study failed to re-establish
larger shrubs from the target vegetation such as the summer
deciduous Wiborgia and bird-dispersed species such as
Rhus, Chrysanthemoides and Diospyros. Possibly, these
species may colonise over a longer time-frame. However, in
larger old-field areas it may be appropriate to establish
nodes of such species via propagated material, in order to
attract birds into the area and facilitate the animal-assisted
colonisation process (Milton 2001).
In years of high or average rainfall, a sowing rate of only
25% of that applied in this trial should be adequate to
restore sufficient initial indigenous cover after three years.
Two-thirds of the established perennials, principally the
abundant Athanasia linifolia, died during the first summer
and by three years fewer than 10% of the initial perennials
persisted. It is assumed that die-back resulted from self-
thinning, owing to the very high initial plant densities.
Ideally, the palatable species of shrubs and grasses should
comprise a greater proportion of the seed mix, and the
unpalatable species, especially Athanasia, should be
reduced relative to the seed mix used in this trial. A lower
sowing rate could potentially reduce the restoration costs
from R20 000 ha–1 to R10 000 ha–1, or less.
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